Background: Impaired cognition and activities of daily living (ADL) are core symptoms of Alzheimer's disease (AD), but their relationship is unclear.
INTRODUCTION
Episodic memory deficit is the initial clinical symptom of typical Alzheimer's disease (AD). In addition to cognitive problems, AD is associated with functional impairment, and both are required for a diagnosis of dementia due to AD [1, 2] . Early symptoms may also include deficits in visual skills, language, or executive function [1, 3] .
In mild cognitive impairment (MCI), a person has cognitive impairment but only minimal or no impairment in instrumental activities of daily living (IADL) [4, 5] . IADL are considered to require a variety of cognitive domains, such as managing finances or preparing a meal, which explains their vulnerability to even minor changes in cognition. Basic activities of daily living (BADL) are functions associated with self-care, such as bathing or eating. BADL are more modestly associated with memory and executive function [6] , possibly due to their smaller cognitive strain.
Longitudinal relationships between cognition and functional ability have not been studied extensively, despite their clinical importance. Comparisons of the results from studies on relationships between cognition and functional ability in AD are challenging due to differences in measures and study designs [6, 7] . Regarding assessment of functional ability, caregivers have been found to rate IADL and BADL decline as more severe than the persons with AD [8] , which may reflect caregiver burden [9, 10] or stress [11] . Further, caregivers may base their functional evaluations on cognitive rather than functional status [12] .
A review concluded that cognition accounts for a surprisingly modest amount of variance in activities of daily living (ADL), but the contributions of different cognitive domains to functional ability are not equivalent [6] . Executive function has been shown to correlate moderately with complex IADL functions, although the association between IADL and global cognition screening methods, such as MMSE, is stronger [6, 13] . In mild to moderate AD, executive function has been proposed to account for 17% of the variance in IADL, 9% in BADL [14] . Furthermore, memory, visual, and motor skills are associated with ADL, in addition to executive function [7] .
Farias et al. demonstrated that memory has a similar and independent effect as executive function on IADL [15] . In a study with a 6-year follow-up, functional ability was related to memory and language skills in AD [16] , which suggests that a decline in cognition precedes and leads to a decline in ADL. However, in that study, the measures used to assess cognition (modified MMSE, memory and language composites) were not psychometrically ideal for differentiating specific cognitive domains. In another longitudinal study with a 20-month follow-up, caregivers reported ADL decline while simultaneously reporting stability in memory in persons with early-stage dementia [17] .
Liu-Seifert et al. reported that cognitive decline predicts subsequent functional decline in mild AD, suggesting that the effect of disease-modifying treatments can be driven primarily by the effects in cognition [18, 19] . Longitudinal studies on the relationship between cognition and ADL seem to favour MCI and mild AD samples [20] . During moderate and severe stages of AD, the relationship between cognition and functional ability becomes stronger and impairments in BADL emerge. The moderate stage shows almost a comparable decline in both IADL and BADL, differing from the mild stage when deficits in only IADL are prevalent [21] . A study using the total scores from a neuropsychological battery and performance-based measure of ADL found a significant relationship between the two scores in a sample of persons with moderate or severe AD [22] ; however, the specifics of cognitive and functional impairment in the later stages are yet to be elucidated.
The aim of the present study was to investigate which cognitive domains assessed with the Consortium to Establish a Registry for Alzheimer's Disease Neuropsychological Battery (CERAD-NB) are associated with BADL, IADL, and total ADL in a 5-year follow-up study of persons with mild or very mild AD.
METHODS

Participants and study design
This study utilized data from the ALSOVA follow-up study of persons diagnosed with very 
ADCS-ADL.
A commonly used measure of ADL, the Alzheimer's Disease Cooperative Study Activities of Daily Living inventory (ADCS-ADL), is an informant-based method of measuring the patient's ability to perform BADL and IADL [41] . The ADCS-ADL consists of 23 questions regarding the patient's performance on ADL in the past 4 weeks, and the majority of the questions specify whether the patient performed the activity independently, with supervision, or with physical help [41] . Though the original ADCS-ADL does not explicitly differentiate between IADL and BADL items, a two-factor structure was proposed by KahleWrobleski et al. [42] and utilized in the present study. BADL comprise the first seven items: eating, walking, toileting, bathing, grooming, and dressing. IADL comprise the remaining 17 items (using the telephone, watching television, conversation, clearing dishes, finding personal belongings, obtaining a drink, cooking a snack, disposing of litter, travelling outside of home, shopping, keeping appointments, being alone, talking about current events, reading, writing, performing hobbies, using appliances). The Cronbach's alpha reliability scores from baseline through the fifth annual follow-up visit were: . 
Statistical analysis
The data were analysed using the SPSS for Windows 21.0 software package. Univariate regression analysis was used separately for each of the annual CERAD-NB subtests and the total CERAD-NB score on the corresponding total ADCS-ADL score and IADL and BADL subscores. Backwards regression analysis was applied to discover which CERAD-NB subtests, age, gender, and education are associated with the total ADCS-ADL score and IADL and BADL sub-scores separately at each of the six measurement points. Variables were set to remain in the backwards regression models if P < .05. Missing cases were excluded list-wise, i.e., only cases with available data on all variables were included.
A linear-mixed effect model (LMM) for repeated measures was used to analyse the association of CERAD-NB subtests with the total ADCS-ADL score and the IADL and BADL sub-scores during the whole 5-year follow-up period. The association of all CERAD-NB subtests was analysed with separate univariate analyses, followed by multivariate analyses, which were conducted by reducing least significant variables one by one to reveal the best symptom combination. The same analyses were performed separately for all three dependent variables.
The model with correlated residuals within the random effects and unstructured covariance type was selected based on information criteria. The advantage of LMM is the possibility to use all available longitudinal data, including that of dropouts. P < .05 was considered significant.
Ethical considerations
The ethics committee of Kuopio University Hospital (64/00) gave a favourable opinion of the study, and the study was approved by the Finnish Supervisory Authority for Welfare and Health and the Finnish Ministry of Social Affairs and Health. The study was performed in accordance with the Helsinki Declaration. Participants were provided with written and oral information about the study. Participation was voluntary and confidentiality assured. A consent form was signed by both the caregiver and the person with AD. Ethics required that proxy consent was obtained for people with a memory disorder who were not able to provide informed consent themselves. In this study, informed consent was always obtained from the person with AD, but in addition the caregiver also provided proxy consent on behalf of the person with AD.
RESULTS
Clinical and demographic characteristics
At baseline, two participants were unable to complete all CERAD-NB subtests. At the first to fifth follow-up visits 4, 5, 2, 7, and 10 participants were unable to complete all CERAD-NB subtests. These participants were omitted from the regression models as the missing data were not random; higher frequencies of completion were observed in the tasks administered earlier in the procedure. Table 2 represents the demographic characteristics and CERAD-NB and ADCS-ADL scores of the persons with AD in this 5-year follow-up study.
Total CERAD-NB score and associations with ADL scores
The total CERAD-NB score was associated (P < .01) with corresponding total ADCS-ADL score and IADL and BADL sub-scores except for BADL at baseline (P = .10; Appendix A). The β-values increased annually in a trend-wise fashion, indicating an increasing global functional change attributed to the global cognitive change peaking at the fifth follow-up visit.
However, though the total CERAD-NB score was almost equally associated with the annual total ADCS-ADL score and IADL sub-score, it accounted for less of the variance in BADL.
CERAD-NB subtests and associations between total ADCS-ADL and IADL and BADL subscores
In the univariate regression analyses (data not shown), almost all CERAD-NB subtests were associated (P < .05) with the total ADCS-ADL score and IADL sub-score. Only Verbal Fluency,
Boston Naming Test (BNT), and Word List Recognition at baseline and Constructional Praxis
Recall in the fifth year were not significantly associated with the corresponding total ADCS-ADL scores. BNT and Word List Recognition at baseline and Constructional Praxis Recall in the fifth year were not significantly associated with the IADL sub-score.
The BADL sub-score was not associated with CERAD-NB subtest performance as often as the IADL sub-score or the total ADCS-ADL score in the univariate analysis. Consequently, Verbal Word List Learning Sum in the fifth year was associated with the total ADCS-ADL score (R 2 = .64, P < .001) and IADL sub-score (R 2 = .66, P < .001), more so than the other CERAD subtests, with the most significant association with the above-mentioned ADL scores of all of the analysed variables. Gender remained in the five first models of ADCS-ADL, IADL, and BADL, whereas age did not remain in any model after year 2 and education after year 1.
Collinearity indicators were within commonly acceptable boundaries in all backwards regression models [43] .
Linear mixed-models of CERAD-NB subtests, age, gender, and education on the total ADCS-ADL score and IADL and BADL sub-scores
In the LMM univariate analyses, all CERAD subtests were associated with the total ADCS-ADL, IADL, and BADL scores (P < .05). Tables 3, 4 , and 5 present the CERAD subtests and adjusted variables included in the LMMs. In the multivariate analyses, all CERAD subtests, except Word List Learning and Recognition, were significantly associated with the total ADCS-ADL score (P < .05). If Constructional Praxis Delayed Recall task was removed, the Word List Recognition task was included. All CERAD subtests except Word List Learning, Recognition, or Constructional Praxis Recall were associated with IADL (P < .05). MMSE, Constructional Praxis, and Clock Drawing Test were associated with BADL (P < .001).
DISCUSSION
Evaluation of the results
In this longitudinal, 5-year study we found that cognition measured by CERAD-NB associates increasingly yet modestly with functional ability (total ADCS-ADL, IADL and BADL sub-scores) in persons with very mild or mild AD at baseline and mild to moderate or severe disease at the end of the study. We were able to evaluate the functional relevance of cognitive domains at each visit and over the 5-year follow-up by utilizing both annual regression models and LMMs.
Our results confirm results from previous studies. The IADL and total ADCS-ADL scores were associated with similar cognitive domains due to IADL items accounting for the majority of the total score. As the disease progressed, IADL, BADL, and ADL total scores were associated with both the total CERAD-NB score and sub-scores in an increasing fashion. Liu-Seifert et al.
[19] also reported that cognition and global functional ability relate more strongly as AD progresses. Based on previous research, global cognition and different cognitive domains, particularly executive function [6, 13, 44] , are expected to be associated with IADL and global ADL. However, BADL is thought to remain relatively unimpaired before the moderate stage [18] and to be linked more modestly to cognition [6, 14] . In our study, BADL was more modestly linked to global and domain-specific cognitive measures than IADL through the follow-up period, possibly due to the performance of routine self-care functions requiring less cognitive effort [45] and the BADL measures being less sensitive to changes in persons with mild AD than IADL measures [41, 46] .
Measures of executive function (Verbal Fluency, Clock Drawing Test) and visuoconstructive skills (Clock Drawing Test, Constructional Praxis) were significantly associated with global, basic, and instrumental functions annually. Furthermore, when analysing the whole followup period with LMMs, the same measures were associated with global and instrumental functions, and visuoconstructive skills with basic functions. When examining global function or IADL, a decline in Verbal Fluency or Clock Drawing Test temporally preceded deterioration in Constructional Praxis, whereas BADL was impaired if the participants had poor performance in Constructional Praxis. This finding was already noted at baseline. These findings may be explained by earlier impairment in executive function compared to visuoconstructive skills [47] and the performance of BADL items requiring basic visual perceptive capabilities and unimpaired praxis. Interestingly, Verbal Fluency and Constructional Praxis are regarded as having limited value in screening mild AD but being useful in the later stages [48] ; yet, they appeared to be significant predictors of functional status across the follow-up period.
Visuospatial deficits in AD have received less attention in research than those of memory and executive function. However, visuoconstructive skills [7, 49] and more fundamental visual functions [50; 51] have been associated with global functional or IADL decline. As Glosser et al. [51] pointed out, many common ADL items can be considered to include a component of visual perception (e.g., grooming, reading, writing). Executive function and memory may be subordinate to more fundamental visual abilities in performing a variety of ADLs and be associated with functional decline only if the decline is not already accounted for by visual performance. In our study, a combination of visuoconstructive skills and executive function measures were associated with ADL in several models, leading to the suggestion that the integrity of these lower-and higher-order cognitive domains is a prerequisite for unassisted living.
Our results also revealed that difficulties in verbal and visual delayed recall are associated with a decline in global functional ability and impairments in verbal delayed recall with deteriorated IADL skills when analysing the whole 5-year study period in LMMs.
Furthermore, while naming ability was not a significant predictor of function in annual analyses, it was included in LMMs, affecting functional ability during the disease process.
The results are in line with a 6-year follow-up study by Zahodne et al. [16] , who found that memory composites, including a delayed recall task, and language composites, including BNT, predicted functional decline in AD. In addition, the brief measure of global cognition, MMSE, was significantly associated with the total ADCS-ADL score and IADL and BADL subscores in LMMs.
Interestingly, Word List Learning was the only significant non-visual measure associated with the total ADCS-ADL score and IADL sub-score during the final follow-up year. Word List Learning or other measures of non-visual learning and memory, such as Word List Recall and Recognition, were not significantly associated with ADL in the annual follow-ups, perhaps due to the floor-effect on memory scores caused by characteristic early memory decline in typical AD. Additionally, caregiver-rated ADL performance may decline even in the presence of memory stability [17] . Recall task was also included in LMMs, which may reflect the importance of the retrieval of information pertinent to ADL performance. In previous studies, contradictory results regarding the role of memory deficits have been shown, and they may independently contribute to functional decline [15] or memory decline may be associated with functional status only with subsequent executive function deficits [52] .
Males had lower ADL scores over the follow-up period. The applicability of ADCS-ADL items to different cultures and cohorts must be evaluated with some reservations, particularly regarding items possibly considered gender-related in the population (e.g., preparation of meals, using home appliances). Thus, lower IADL scores for males may be explained, in part, by the content of ADL items themselves instead of functional decline [53, 54] because gender-relatedness was not as evident in BADL.
Strengths and limitations
The merits of this study include the longitudinal design, broad neuropsychological assessment with validated measurements, such as CERAD-NB, and the differentiation between IADL, BADL, and total ADL performance. These factors facilitated the observation of relationships between different cognitive domains and function in a well-defined sample of persons with AD. Moreover, the longitudinal design may detect clinically important information about progression of relationships compared to cross-sectional studies as well as allowed the observation of changes in cognition-ADL relationships as AD progressed.
The study also revealed that the Clock Drawing Test can be considered a welcome addition to the Finnish CERAD-NB [32] based on it being a significant predictor of functional ability in several models.
We used LMMs accounting for the whole 5-year follow-up period, as well as the data from drop-outs, to explore associations between cognitive domains and daily functions.
Furthermore, using regression analyses we were able to investigate how the associations change as the disease progresses.
This study contained some methodological limitations. First, the CERAD-NB is primarily used as a screening test to detect mild AD and MCI [29, 30, 48] and some of the CERAD-NB measures may 'bottom-out' quickly as the disease progresses [55] . However, the total CERAD-NB score has been shown to correlate with AD progression as measured by the clinical dementia rating (CDR) [56] . Second, as discussed above, some IADL items may be less applicable for males [53, 54] and longitudinal inconsistencies may be present for the applicability of certain IADL items [46] . Additionally, as caregivers may underestimate patients' functional ability [12] and as patients are perhaps capable of assessing their functional ability in mild to moderate AD [8, 12] , it must be considered that caregiver ratings may be inconsistent with self-rated or objective ADL performance. These inconsistencies may be due to caregivers interpreting the cognitive decline as functional or reflecting caregiver stress [11] and burden [9, 10] , among other reasons. However, the ADCS-ADL is validated and widely used to describe functional ability in AD. Fourth, backwards regression models from follow-up years 4 and 5 must be interpreted carefully, as statistical regression is thought to be prone to overfitting data in model construction [43] . However, the use of LMMs reduces the relevance of this issue because they use all available data. Fifth, underlying factors, such as AD severity and rate of decline, may affect both neuropsychological and functional performance [45] . Non-cognitive changes during the follow-up period may have also affected ADL performance.
Finally, remarkable drop-out rates were observed due to institutionalization and death. This is expected in longitudinal studies of community-dwelling persons with AD (see [45] ). Some participants were unable to complete some CERAD-NB subtests and were omitted from the regression models because higher frequencies of completion were observed in the tasks administered earlier in the procedure, indicating possible terminations of assessment due to patient fatigue or irritability.
Implications
As resources are often limited, it is not always feasible to perform a comprehensive functional and neuropsychological assessment. Royall et al. [6] suggested that future assessments should avoid redundancy by using cognitive measures associated with functional ability. Using the CERAD-NB measures of executive function and visuoconstructive skills may allow some insight to be gained into functional ability with only cognitive measures. The CERAD-NB measures implicated in this study are also easy and quick to administer, and they can be used in addition to common screening measures, such as MMSE, to enhance the assessment of both cognition and functional ability.
Conclusion
In conclusion, the total CERAD-NB score was modestly yet increasingly associated with functional ability in persons with AD as measured by the total ADCS-ADL score and its sub- 
